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REFERENCE GENERATION TECHNIQUE FOR 
MULTIPLE-REFERENCE AMPLIFIER 

Reference to Related Application 
This application claims priority from U.S. provisional application Serial No. 
60/225,563, filed August 14, 2000, the entire contents of which are incorporated herein 
by reference. 

Field of the Invention 
This invention relates generally to electronic amplifiers and, in particular, to 
circuitry for reducing distortion in high-resolution switching amplifiers of the type 
wherein multiple references are switched to a load in accordance with an input signal. 

Background of the Invention 

Multiple-reference switching amplifiers enhance resolution by switching two or 
more reference voltages to a load. Configurations of this type are described in patent 
application PCT/US99/26691, entitled 'Multi-Reference, High- Accuracy Switching 
Amplifier/ the contents of which are incorporated herein by reference. 

In order to operate at low distortion, however, a known relationship must exist 
between the references used. That is, a known voltage or current (as appropriate) ratio 
must be present between each two references in order to correctly determine suitable duty 
cycles in conjunction with each reference. Although autonomous, fixed references may 
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be used, considerable distortion can result due to even very small amounts of reference 
drift or instability. 

Thus, there exists a need for a technique whereby correct reference ratios are 
presented to the load in applicable amplification schemes. 

5 Summary of the Invention 

Broadly, this invention is directed to apparatus and methods for generating a 
secondary reference voltage for a multi-reference amplifier as a function of a primary 
reference. In so doing, the secondary reference equals a known, fixed portion of the 
primary reference, thereby minimizing distortion due to variations in voltage (or current) 
10 ratio. 

In the preferred embodiment, the secondary or low- voltage reference is replaced 
with an amplifier connected across the load, a digital integrator, pulse-width modulator, 
filter and buffer amplifier. A zero detector is used to monitor incoming data. When the 
input data is zero, the integral of primary or high- voltage reference represents pulse-width 
15 data of 'one.' This integral is compared with the integral presented to load through the 
buffer amplifier, such that the high-voltage reference integral commands a non-inverted 
output. The output of the amplifier across the load drives the digital integrator to produce 
higher or lower data values at its output, when enabled by the zero detector. The data 
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value output of digital integrator is converted to a pulse-width train by pulse-width 
modulator, filtered, buffered, and switched to the load as the secondary reference voltage. 

Brief Description of the Drawings 
FIGURE 1 is a block diagram of a prior-art dual-reference switching amplifier 
5 utilizing fixed references; and 

FIGURE 2 is a diagram which depicts a preferred embodiment of the present 
invention. 

Detailed Description of the Invention 
Figure 1 is a block diagram of a prior-art dual-reference switching amplifier 
10 utilizing fixed references. The absolute value of incoming data 101 is provided to data 
splitter 103 through absolute value generator 102. Data splitter 103 separates the input 
into more significant data 108 (low resolution) and less significant data 107 (high 
resolution). More significant data 108 is applied to pulse-width modulator 104, which 
supplies a pulse-width train to data gates 109 and 113. Less significant data 107 is 
15 applied to pulse-width modulator 105, which supplies a pulse-width train to data gates 
110 and 114. 

Absolute value generator 102 also supplies the sign 106 of incoming data 101 to 
the enable inputs of data gates 109 and 114 directly, and the enable inputs of data gates 
110 and 113 through inverters 111 and 115, respectively. Thus, data gates 110 and 115 
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are enabled when incoming data 101 is positive (sign = 0), and data gates 109 and 1 14 are 
enabled when incoming data 101 is negative (sign = 1). 

Upon being enabled, data gates 109 and 113 activate switching devices 117 and 
120 when their respective inputs are high, and switching devices 119 and 122, through 
5 OR gates 112 and 116, respectively, when their respective inputs are low. Upon being 
enabled, data gates 110 and 1 14 activate switching devices 119 and 122, through or gates 
112 and 116, respectively, when their respective inputs are high, and switching devices 
118 and 121 when their respective inputs are low. 

Switching devices 117 and 120 connect high- voltage reference 123 to inductors 
10 125 and 126, respectively, when activated. Switching devices 118 and 121 connect low- 
voltage reference 124 to inductors 125 and 126, respectively, when activated. Switching 
devices 119 and 122 connect ground to inductors 125 and 126, respectively, when 
activated. 

The net effect of the foregoing is to supply a more significant pulse- width integral 
15 of high-reference voltage 123 to inductor 126, and a less significant pulse-width integral 
of low-reference voltage 124 to inductor 125, when the sign 106 of incoming data 101 is 
positive, and to supply a more significant pulse-width integral of high-reference voltage 

123 to inductor 125 with a less-significant pulse-width integral of low-reference voltage 

124 to inductor 126 when the sign 106 of incoming data 101 is negative. 
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Note that pulse-width modulator 105 yields a pulse width directly proportional to 
its input, whereas pulse-width modulator 104 yields a pulse width equivalent to the 
incoming data value plus one. The output of low-reference voltage 124 must then 
approach the value of the integral of high-reference voltage 123 at a pulse width of one. 
5 Resultantly, the quiescent voltages at both sides of load 128 are equal Inductors 125 and 
126, in conjunction with capacitor 127, filter undesired switching components from 
aforementioned integrals before application to the ultimate load 128. 

Summarizing, it can thus be seen that high- and low-resolution integrals of the 
low- and high-voltage references, respectively, are applied to opposing terminals of load 
10 128, under control of sign 1 06 of incoming data 101. 

Reference is now made to Figure 2, which depicts a preferred embodiment of the 
present invention. Departure in terms of components and operation of Figure 1 includes 
the replacement of low-voltage reference 124 with amplifier 229, integrator 230, pulse- 
width modulator 23 1, capacitor 232, resistor 233, and buffer amplifier 234. 
15 When incoming data 201 is zero (null), it can be seen from the foregoing 

discussion that the integral of high-voltage reference 223 at pulse-width data of one (from 
pulse-width modulator 204) will be ultimately presented to load 228 through inductor 
226. This integral is compared with the integral presented to load 228 through inductor 
225 by amplifier 229, such that the high-voltage reference integral commands a non- 
20 inverted output. The output of amplifier 229 drives digital integrator 230 to produce 
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higher or lower data values at its output, when its enable input is asserted by zero detector 
235. Zero detector 235 monitors incoming data 201. The value output by digital 
integrator 230 is static when its enable input is not so asserted. The data value output of 
digital integrator 230 is converted to a pulse-width train by pulse- width modulator 231, 
5 filtered to a DC voltage by resistor 233 and capacitor 232, buffered by voltage follower 
234, and presented to switching devices 218 and 221 as a reference voltage. 

The result of this operation, functional solely when incoming data 201 is zero, is 
to produce a reference voltage at switching devices 218 and 221 which approaches the 
value of the integral of the high-voltage reference 223 at a pulse-width of one, thus 
10 nulling any voltage differential across load 228. Correct alignment of this voltage 
reference is thus assured, allowing monotonic output at any amplifier operating point. 
Although voltage references are disclosed, it will be apparent to one of skill in the art that 
equivalent operation using currents is possible through appropriate circuit modification. 
I claim: 
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